Alcoholic beverages made from purple rice grains contained 11.0 to 11.5% (v/v) ethanol and a higher amount of phenolic compounds. Alcoholic beverages made from purple rice grain were brilliant red, similar to the color of red wine, especially those made from uncooked purple rice. The amount of anthocyanin in beverages made from cooked and uncooked rice was 36 and 88 μg/mL, respectively. The DPPH radical scavenging activity of the alcoholic beverages made from purple rice was much higher than that of beverages made from ordinary brown and polished rice. The lipid peroxidation inhibitory activity of the alcoholic beverage made from uncooked purple rice was also the strongest. In the course of this study, we produced purple rice wine that was red and exhibited antioxidative activity.
Introduction
As progress is made in fermentation technology and the brewing industry, many kinds of alcoholic beverages are being produced each year to catch the interest of consumers. In Japanese sake brewing, the cooking of rice grains is an important process. Rice bran, which contains proteins, lipids, vitamins, and minerals, is usually removed from the rice grains by polishing before fermentation to produce an alcoholic beverage of good quality.
Purple rice (Oryza sativa var. Indica cv. Shiun), however, contains anthocyanin pigments, such as cyanidin and peonidin glucosides, in the bran layer. Anthocyanin is known to have physiological functions, as it has antioxidative activities, contributes to the prevention of arterial sclerosis, and is a type of functional food. Furthermore, anthocyanins in purple-fleshed sweet potato are known to have physiological functions, such as antioxidant properties (Furuta et al., 1998) , antimutagenicity (Yoshimoto et al., 1999) , and the ability to provide relief from liver injury (Suda et al., 1997) . reported that the quality, in terms of both aroma and taste, of purple rice wine made with uncooked, unpolished purple rice was much higher than that of rice wine made with cooked, unpolished purple rice. Additionally, the characteristics of purple rice wine economically produced in an uncooked ethanol fermentation system have previously been reported .
In this study, we investigated the antioxidant activity of alcoholic beverages made from uncooked, unpolished purple rice, designated as purple rice wine. For comparison, fermentation was carried out with cooked and uncooked rice. Rice wine was also made from ordinary brown rice and polished rice grain.
Materials and Methods
Rice grains Purple rice (Oryza sativa var. Indica cv. Shiun) was purchased from Kajiwara Beikoku Co., Ltd. (Kyoto, Japan). Commercial ordinary brown rice (Oryza sativa var. Akitakomati) and ordinary polished rice (Oryza sativa var. Koshihikari) were also used for brewing rice wines. Rice grains were ground to particles of 2-3 mm in diameter by an electric grinder (Kansai Toki model "Hikikko K-80") before ethanol fermentation.
A number of reports concerning alcoholic beverages made from rice grains of Oryza sativa var. Indica cv. Shiun have been published by our research team, and in which this rice grain is designated as red rice in a broad sense Saigusa et al., 1994) . Currently, a large number of rice species are cultivated, studied, and classified; properly speaking, the Shiun rice, which contains anthocyanin in the bran layer, should be called purple rice, and the term red rice should be used for rice which contains tannin in the bran layer. For this study, the term purple rice was used for the grains of Shiun.
Enzyme preparation and yeast strain Sumizyme, a glucoamylase preparation made from Rhizopus sp. (Shinnihon Kagaku Kogyo Co., Ltd., Anjo, Japan), was used as the saccharifying agent. Saccharomyces cerevisiae kyokai No.7 was used for ethanol fermentation.
Chemicals 1,1-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Nacalai Tesque (Kyoto, Japan). Trolox (6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid) and β-carotene were purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA). 2,6-Di-tert-butyl-p-cresol (BHT) was purchased from Tokyo Kasei Co., Ltd. (Tokyo, Japan).
Procedure for ethanol fermentation The procedure for ethanol fermentation with cooking is shown in Figure 1 . Thirty grams of unpolished purple rice, ordinary brown rice, or ordinary polished rice and 50 mL of deionized water were dispensed into a 300 mL Erlenmeyer flask and autoclaved at 121℃ for 15 min. After cooling, the resulting cooked rice was mixed with 0.2 g of Sumizyme, 40 mL of deionized water, and 10 mL of a yeast suspension, which readily made the population of yeast in the initial mash to be 3.0 × 10 7 cells/ mL. The pH of the initial mash was adjusted to 4.0 using lactic acid. Ethanol fermentation was conducted at 25℃ in the dark.
The procedure for ethanol fermentation without cooking is shown in Figure 2 . Thirty grams of unpolished raw purple rice, ordinary raw brown rice, or ordinary raw polished rice and 90 mL of deionized water, 0.2 g of Sumizyme, and 10 mL of a yeast suspension were dispensed into a 300 mL Erlenmeyer flask. The population of yeast in the initial mash was adjusted to 3.0 × 10 7 cells/mL. The pH of the initial mash was adjusted to 4.0 using lactic acid, and fermentation was conducted in the same manner as for ethanol fermentation with cooking.
The decrease in weight of the entire Erlenmeyer flask and its contents as a result of evolution of CO 2 gas was measured every 24 h.
Analysis of ethanol concentration Ethanol concentration was determined by gas chromatography using a gas chromatograph (model GC-14A; Shimadzu Co., Kyoto) equipped with a 3.1 m PEG-HT column (Gasukuro Kogyo Inc., Tokyo).
General analytical methods After fermentation, the mash made from purple, ordinary brown, or polished rice was filtered through No.101 filter paper (Advantec Toyo Co., Ltd., Tokyo, Japan), and the resulting rice wine was analyzed.
Acidity was measured by titrating 10 mL of rice wine with 0.1 N NaOH. Reducing sugar as glucose was determined according to the methods of Somogyi and Nelson (Somogyi, 1952; Nelson, 1944) . Total phenol compounds, M. koguchi et al. such as gallic acid, were determined according to the FolinCiocalteu method (Singleton et al., 1999; Hamasaka et al., 2004) . Rice wine was filtered through a membrane filter with a pore size of 0.45 μm and 47 mm in diameter (Advantec Toyo Co., Ltd., Tokyo, Japan). In order to determine the color quality, the resulting filtrate was examined using the Color Meter model ZE 2000 (Nihon Denshoku Kogyo Co., Ltd., Tokyo, Japan). The color quality of the rice wine was examined using the Hunter value L, a, and b color scale. To determine the absorption spectra, the resulting filtrate was diluted 50-fold with 1 N HCl and applied to the Spectrophotometer model U-3010 (Hitachi, Tokyo, Japan).
The anthocyanin content of rice wine, as the cyanidine 3-glucoside equivalent (μg/mL), was measured according to the method of Boyles et al. (1993) .
Determination of antioxidative activity The DPPH radical scavenging activity, as the Trolox equivalent, was measured on the basis of the method of Yamaguchi et al. (1998) . The lipid peroxidation inhibitory activity, as the BHT equivalent, was determined using β-carotene (Hamasaka et al., 2004) .
Results and Discussion
The fermentation curves of the mash made from various rice grains are shown in Figure 3 . The characteristics of alcoholic beverages made from various rice grains are shown in Table 1 . The final amount of the CO 2 output was 10.1 to 11.3 g, and the ethanol concentration of the beverages was 11.0 to 12.3% (v/v).
Alcoholic beverages made from unpolished purple rice grains contained higher amounts of phenolic compounds.
The amount of anthocyanin contained in the beverages made from cooked and uncooked purple rice was 36 and 88 μg/mL, respectively.
Alcoholic beverages made from purple rice grain had a red color; in particular, that made from uncooked purple rice grain was brilliant red, just like red wine. The Hunter a value indicates the intensity of the red color; that of beverages made from cooked and uncooked purple rice grain was 2.01 and 5.72 (Table 2 ). On the other hand, the Hunter a value of the beverages made from ordinary brown rice and polished rice grains was negative. The Hunter b value indicates the intensity of the yellow color; that of beverages made from cooked and uncooked purple rice grain was 6.01 and 3.92, respectively. Finally, the Hunter L value indicates the degree of brightness; that of beverages made from uncooked purple rice grains was lower. These results indicate that the beverage had a deep red color, just like a full-bodied red wine. Figure 4 shows the absorption spectra of the beverages made from cooked and uncooked purple rice grain. The beverage made from cooked rice grain showed absorbance at 530 nm. Part of the anthocyanin might decompose during the cooking process because alcoholic beverages made from uncooked purple rice grain show the typical peak of anthocyanin at 530 nm. The antioxidative activity of the various alcoholic beverages was determined. The DPPH radical scavenging activity of the alcoholic beverages made from purple rice was much higher than that of the beverages made from ordinary brown rice and polished rice (Fig. 5) . The lipid peroxidation inhibitory activity of the alcoholic beverages was also determined.
The alcoholic beverages made from purple rice grain showed strong inhibitory activity of lipid peroxidation. Spectrophotometric analysis revealed that the specific absorbance at 530 nm of the alcoholic beverage made from cooked purple rice was drastically decreased. Oki et al. (2002) reported that the dominate DPPH-radical scavengers in purple-fleshed sweet potato "Ayamurasaki" were anthocyanins with peonidin aglycone rather than M. koguchi et al. phenolic compounds. However, in the case of alcoholic beverage made from purple rice, DPPH-radical scavenging activity was not related to the amounts of anthocyanins present. Therefore, we surmised that differences in radicalscavenging activity of alcoholic beverages made from purple rice wine were related to the amounts of phenolic compound. Furthermore, we confirmed the possibility that DPPHradical-scavengers in alcoholic beverages were stable during cooking, and that purple rice contained greater amounts than other rice grains. Chen et al. (1998) reported that peptides with lipid peroxidation inhibitory activity did not have DPPH radicalscavenging activity. It is also possible that the antioxidant substances in each alcoholic beverage need to be identified, as they may differ. Therefore, we think it likely that the lipid peroxidation inhibitory substances were stable during cooking, and that purple rice contained comparative greater amounts than other rice gains. It was necessary to identify the antioxidant substances in alcoholic beverages made from various rice grains. Rice wine made from purple rice grain shows antioxidative activity. We would like to improve the taste and aroma of purple rice wine, producing a fine alcoholic beverage with inherent physiological advantages.
